In this paper, I introduce a new approach toward applying ideas of knowledge management toward the domain of culture and communities. Based on my assertion of story as a fundamental unit of knowledge, I introduce two projects designed to manage cultural knowledge across communities traditionally disadvantaged by 'digital divide' dynamics.
Knowledge Management as an established field
Knowledge Management can be generally understood as the understanding, regulation, and creation of policy associated with relevant information. The field has been particularly studied within the context of the enterprise, with a focus toward how certain approaches toward the knowledge within the organization can lead to a competitive advantage. The idea of creating effective architectures for knowledge and its dissemination is obviously timeless, and historically universal. Indeed, cave paintings, cuneiform scriptures, or architectural/sculptural depiction all maintain the idea of serving as symbols to represent a piece of social or cultural knowledge.
In modernity, particularly within a business context, Knowledge Management certainly has a technical and engineering component to it. How does one effectively design technology so that knowledge can diffuse effectively in a company or research laboratory? Indeed, knowledge management has touched on fields from philosophy, economics, and organizational theory. However, the majority of all these findings have been utilized toward the greater good of the organization. Thus, while the set of inspirations is wide-ranging and heterogenous, the applications of standard knowledge management techniques tend to be quite specific. To illustrate this point, knowledge within the field is considered a key element of exchange, a commodity. This is understood in the context of international economics, ideas within the enterprise, or general assets [Kakabadse et al., 2003 ]. However, the importance of managing knowledge in other arenas is also critical. For example, in the field of architecture, writers such as Jane Jacobs [Jacobs, 1962] and Rem Koolhaas [Koolhaas, 1978] have discussed how the city, much like an organization, is composed of a set of dataproducing objects. This creates a critical need to develop architectures that can make sense of this data, and thus produce a coherent system for urban knowledge to be realized.
In this paper, I focus on alternative mechanisms of expressing and applying the processes of Knowledge Management. The research I present focus on the design of knowledge architectures for communities traditionally left disadvantaged by digital divide dynamics. My focus is on developing digital media systems that can unite communities around shared cultural narratives and relevant priorities. I believe that within this context, one must take new approaches toward how knowledge can be disseminated and used as a tool for empowerment. In this paper, I explain two approaches I am studying: community-designed ontology and proactive agents. First, I call attention to the story as a unit of knowledge to be designed for.
Stories and Knowledge
Rarely discussed within the knowledge management field is the critical importance of narratives, or stories, in the creation of shared knowledge and values. In cultures throughout the world, story exists to serve a range of purposes from teaching a moral, contemplating divinity, or preserving history. Stories are clearly one of the many ways in which we, as humans, present who we are to others [Campbell, 1988] . They also allow us to record our memories or lessons. Stories not only enhance the process of communication but also serve as a means from which different cultures can be identified. Thus, stories are critical on both the level of community and individual. Indeed, traditional cultures worldwide tended to be largely oral, sustaining themselves around the process by which myths or stories were transmitted. Donald Polkinghorne, who has studied the link between narrativity and identity, argues that through story we establish identity and provide meaning for our experiences. It is a "scheme by which human beings give meaning to their experience of temporality and personal actions" and a mechanism that relates our thoughts and actions to time, social and cultural institutions, and the places we are [Polkinghorne, 1988] . Stories transmit culture through parable and myth, entertainment, and even psychological presentation.
Human beings are storytellers by nature. In many guises as folktale legend, myth, epic, history, motion picture and television program, the story appears in every known human culture. The story is a natural package for organizing many different kinds of information. Storytelling appears to be a fundamental way of expressing ourselves and our world to others [McAdams, 1993] .
Within my research, as shall be explained in sections 4 and 5, stories serve as the ideal 'knowledge object' around which an architecture can be designed. By serving as appropriate containers of shared community knowledge, stories become the critical elements within the community media systems I design.
Knowledge Architectures -a survey
As the focus of this paper is on the use of knowledge architectures, I introduce a few relevant projects within the field of ontologies, as applied to a variety of technology projects. I use Uschold's definition of ontology as an explicit representation or structure of knowledge [Uschold, 1996] . Ontologies can be used to describe physical processes, educational fields, or in the case of my research, the discourse of a community.
Ontology can be seen as a conceptual map where the links between individual pieces of knowledge are delineated. As explained in section 2, community narratives are treated as these elements of knowledge within my research. An assumption researchers in this field make is that knowledge is without meaning unless it is contextualized. The specific nodes in the structure need to be understood along with the links that tie them together.
Roger Schank explains that through ontology, we make sense of the world. Information that we encounter is understood through our own internal "data structures", which he calls scripts. Scripts, to Schank, are our own implicit organizations of knowledge retrieved from the world we inhabit [Schank, 1990] .
The following projects focus on the goal of developing a structure to represent knowledge:
CYC and Open Mind
Developed by the Cycorp company, CYC is one of the largest knowledge representation databases that exists. Its goal is to construct the foundations of basic common sense to relate all the pieces of knowledge within the system. This involves a massive mélange of terms, rules, and relationships. CYC was created as a response to the emergence of 'expert systems', which were largely trained computer systems designed to solve a very specific, replicable problem. Instead, CYC is based on the ideal of creating a true corpus of universal knowledge, spanning all the different elements relevant to common sense, such as "time, space, causality, human capabilities, limitations, goals…" [Guha and Lenat, 1994] . The system, composed of a knowledge base, representation language, inference engine, and interface tools, creates a sophisticated but complicated representation scheme that responds to a wide variety of queries.
Pioneered by AI guru Marvin Minsky, The Open Mind Common Sense project (http://commonsense.media.mit.edu/cgi-bin/search.cgi) is an attempt to provide computers the millions of pieces of ordinary knowledge that humans know as "common sense." Minsky defines common sense as:
Common Sense: The mental skills that most people share. Common sense thinking is actually more complex than many of the intellectual accomplishments that attract more attention and respect, because the mental skills we call "expertise" often engage large amounts of knowledge but usually employ only a few types of representations. In contrast, common sense involves many kinds of representations and thus requires a larger range of different skills [Minsky, 1986] Because of a need to maximize user participation, this project asks web users to submit common sense statements in English, rather than in a representation language such as CycL. This project attempts to build a representation for all the common sense statements that are submitted through its use of natural language processing algorithms.
Our view is that when it comes to common sense thinking, diversity is the secret to success. It is not so much a matter of choosing between such representations as it is a matter of finding way for them to work together in one system [Singh, 2002] .
Story Agents
Roger Schank's Agents In The Story Archive introduces the idea of a story as a unit of knowledge. This project required the assembly of a set of stories, a characterization of their linkages, and an association between the story and several pre-created computerized agents. For example, a story about the United States' invasion of Iraq, could be linked to the History and Economics Agents, but not the Philosophical or Psychology Agent, depending on what is actually conveyed in the story. Indexing based on the story fragment is appropriate because Schank corroborates the point previously expressed that story is ideally suited for transmitting knowledge.
We understand events in terms of events we have already understood. . . Knowledge, then, is experience and stories. . .The understanding process involves extracting elements from the input story that are precisely those elements used to label old stories in memory [Schank, 1992] .
Concept Maps
Joseph Novak and Albert Cañas have been responsible for some of the advances in the field of learner-created knowledge models. Their projects focus on Concept Maps (CMAP). Concept Maps are based on the idea that true learning involves the learner to construct relationships between the new information he or she acquires and that which is already possessed. The focus is to instruct the subject to explicitly map out the relationships within a certain process or object that is being studied. Subjects were found to have a deeper understanding of the concept they had mapped out. This is because learning is structurally organized, and second, because a general understanding of epistemology is realized by the subjects [Canas et al., 1999] .
Each of these projects on different levels of scale have influenced my approach toward the design of community-driven knowledge architectures. In particular, the Concept Maps approach became a critical inspiration in the design and creation of Village Voice.
Community-designed Ontologies -Village Voice
Village Voice, a narrative-based community multimedia system was designed, developed, and evaluated for a community of Somali refugees living within the Boston metropolitan area. This project was a study of how a community driven knowledge architecture could aid the sharing of important cultural information across the refugee group. It served as a demonstration that a community-designed ontology could serve as a dynamic and powerful representation of relevant cultural knowledge, as expressed through community submitted stories.
Concentrated across the eastern and western boundaries of the Boston metropolitan area, the Somali refugee community has dramatically expanded to its current population of approximately 6000. Ten years ago, community leaders claim the community did not exist in Boston or the United States in general. However, a brutal civil war has created forced migrations for Somalis to countries such as Kenya, Italy, Canada, and the United States. Refugees span a variety of ages, however, because of the mercurial nature of some of the programs that brought Somalis to Boston, a number of families have been broken up in the process. Indeed, the community visibly maintains significant social differences across age, gender, and religious approach toward Islam. Refugees are now confronted with issues of assimulation and treatment of their ancestral Sunni Muslim nomadic culture. According to community members with whom I have spoken, there is a desire to archive their experiences as they face new challenges in the United States. This can enable community members to both preserve elements of their ancestral culture, while also engaging in discussion of new priorities and cultural issues that have arisen across different social gaps and realities of living as a refugee within Boston.
With the belief that stories could serve as critical pieces of content around which the system could organize itself, as a volunteer within the community, I introduced the project to community members, and soon met a number of people interested in creating video pieces on issues that are relevant to them as Somali immigrants in Boston. Using the concept mapping technique outlined above, the community designed an initial ontology over several meetings. This ontology would serve as the knowledge architecture around which the important community-created stories would be organized. Would this serve as a mechanism of empowering the exchange of knowledge within the community? As stories are submitted from the upload page they are included in the database and annotated according the designed ontology. Additionally, the ontology itself can be re-designed by the community at any time.
The community narrative system itself is entered via a "search" page, allowing the community member to search on multiple nodes of the community ontology. This takes the community member to a browsing collage, where each video story is displayed at a level of opacity proportional to its relevance to the query made on the "search" page. The story that best matches the query is known is the focus story, whose thumbnail has a pink-colored border. Once the browser is loaded a user can change the focus story by clicking on any other thumbnail in the collage. This changes the illumination of all the other thumbnails in the interface based on how closely their annotations match those of the new focus story. From this point, the community member can watch any video story, refine his or her search according to the specific ontology topics each story is annotated with, or record an audio reaction to a story piece. To study the effectiveness of this knowledge architecture, I designed an experiment to test Village Voice's use of ontology versus a standard keyword-based representation 25 . In the keyword version, I selected the five most frequently spoken words in each story, and annotated each of the stories in the system with these. As in Village Voice, in the keyword version, words can be selected as the basis for story search. The only difference is that this version groups stories based on whether the story is annotated with the same keywords, rather than based on the position of the story within a community-defined knowledge architecture.
This data shows the mean and standard deviation values (across a small set of 30 subjects) of the number of stories browsed, number of stories played, and time online for the keyword (KW) and Village Voice (VV) versions. The values for time online are expressed in terms of seconds. This data shows a higher engagement for subjects across-the-board with the community-driven knowledge architecture. In general, subjects spent a lot of time studying the interface and not interacting with it heavily, as can be seen by the rather small number of clips played or browsed on in either version. It appears that the ontology version inspires more browsing activity from the browsing collage page, and that the clustering of stories in Village Voice enables subjects to perceive more connections between stories. I believe this points to the power of community-driven ontology as mechanisms of managing knowledge within the sphere of community and culture. For further detail on all of these topics, please do consult my M.S thesis work from the MIT Media Laboratory [Srinivasan, 2002] .
Proactive Agents -Designing a digital tribal Diaspora
Waves of Spanish, Mexican, and finally American conquerors have had a strong effect on a number of Native American tribes within the San Diego region of Southern California [Phillips, 1975] . This has particularly affected the Luiseno, Cupeno, and Digueno tribes. The perseverance of the reservation system and Supreme Court decisions have magnified these dynamics, forcing a compromise of the 'inherent sovereignty' once recognized of these groups [Wilkins, 1997] . The situation now is one of a fragmented community, lacking an infrastructure that can unite tribal members culturally, politically, or socially. Similar to the Village Voice experience, there is a clear need to create a knowledge architecture to begin to tie narratives, experiences, and important common information across these distributed reservations. This raises the danger of loss of traditional cultural documentation and brings about the potential to use the digital technology to build more sustained and deeper bridges between tribal members across Southern California. Thus, a new infrastructure of digital technology holds deep potential to re-energize traditional kinship networks. The Tribal Diaspora will integrate cultural story content created by Native Americans across the region. This will be done through a system quite similar to Village Voice in its capability, and still in the process of development. Eighteen of these tribes have already received a significant 'digital village' technology grant from Hewlett-Packard [17] . The research then will involve integrating the diverse technology into a coherent project to unify these communities. As with Village Voice, the creation of a community-driven ontology will serve as an initial mechanism to manage and frame the knowledge that will begin to populate the system. However, within this project, I am also investigating the potential of using a new technique of proactive agents to create a truly dynamic architecture to manage the Tribal Diaspora and the knowledge it contains. I define an agent as a technological entity that attempts to accomplish a task for a user based on an understanding of the user, the content of the task, and the environment in which it is situated (other agents, the information being expressed, etc.).
Intelligent agents, traditionally deployed in domains such as e-commerce or websearch, hold deep potential to serve as dynamic architectures for the knowledge and evolution of a community. Generally speaking, agents hold potential for the management of knowledge that has an extremely time-sensitive and concurrent behavior to it. As the environment is in constant flux, information-producing variables can be assigned relative weights accordingly. Intuitively, it is sensible to begin to use timesensitive, context-aware, and learning capable architectures in the management of knowledge, particularly if the arena of application is evolving. Being a completely novel design project, the Tribal Diaspora is likely to exhibit strong variability at least in its initial behavior as a system. While this project is very much in its evolution, there are a number of studies around which I base the ongoing creation of this proactive agent.
Collaborative filtering algorithms have emerged as a popular means of imbuing an intelligent agent with the ability to present a user with novel but empowering new information. These algorithms include techniques based on correlation coefficients, vector-based similarity calculations, and statistical Bayesian methods [Breese et al., 1998 ]. Within this realm, social information filtering algorithms are quite popular and used in such sites as Amazon.com, and a variety of music recommendation engines. These algorithms base their recommendations to users based on other users with similar 'profiles' -defined based on common intersecting choices between the individual the agent speaks to and all others [Shardanand and Maes, 1995] . Other agent technologies include personal digital assistants that monitor the activities of the user relative to a set of pre-defined standards [Maes, 1994] , memory-based agents that can apply to mail and news filtering [Maes, 1994] , and agents designed to collaborate with others within a broader framework [Riecken, 1994] . Finally, in light of the common criticism that agents do not truly encourage learning and interaction, projects such as Guides 3.0 have begun to add a dimension of personality and character to more powerfully convey a narrative to users [Oren et al., 1990 ].
These projects have served as useful benchmarks from which my ongoing design of agent to manage the knowledge of the tribal diaspora is based. This study will reveal whether an architecture that is truly adaptive can serve as an effective technique of spreading knowledge relative to other models, such as that introduced in the Village Voice example.
In this short article, I have introduced two new models for thinking about the design, creation, and management of knowledge architectures in the dynamic context of communities. My belief is that knowledge management is indeed a universal issue, and has applications in realms as heterogeneous as economics, management, architecture, and community media design. Beginning to think about the architectures of knowledge that are relevant within these different realms brings to light new models of information dissemination and representation. I have presented my research on the design and development of knowledge architectures as mechanisms of sharing stories and culture across communities that are traditionally disadvantaged by the digital divide. In Section 4, I have observed that the community-designed ontology can become a dynamic structure that can model a community and the cultural material that it can produce. I have demonstrated this idea through a methodology that can allow a designer to work with communities, a basic but powerful multimedia system, and a simple experiment that reveals the relative advantages of the ontology knowledge architecture. As the community changes over time, it can use ontology to contemplate where it has been, and where it is moving towards. In Section 5, I point to the intriguing possibility of embedding an unprecedented level of power and autonomy in the system's ability to develop truly dynamic knowledge architectures, through the use of proactive agents. Indeed, I believe that this approach could serve as an even more effective approach toward facilitating the transmission and dissemination of important cultural narratives among the Native American communities with which I am currently working.
A great deal of research remains to more deeply understand the potential of these techniques in other fields which utilize knowledge management. Indeed, within the domain of communities, significant amounts of research remain to be done to better understand how to create truly dynamic and appropriate models of usage and interest. However, I believe the research I point to in this article represents an exciting first step.
